With the rapid development of the technology in all aspects of our lives and to meet the aggressive project schedule deadlines and quality requirements which are needed by the engineers in the industrial field of planar filters design, the concept of developing software programs to develop planar filters emerges. Another important point, the fact that for both researchers and students it is not that easy to get a well understanding of the microwave concepts as well as its devices from textbooks alone.
Through this thesis, an explanation of a tool known as (FILSoft) will be provided.
The tool is developed based on Matlab-GUIs. Furthermore, the tool designs Microstrip line filters with experienced engineers' design quality in a shorter time than by traditional design procedures. FILSoft is a user friendly design tool, the design procedures through this tool start from lumped elements filter up to Microstrip filter. The user just needs to insert the required filter specifications and the design's material description then all the required results will be displayed including lumped element filter along with Microstrip filter structure and the filter frequency response. The tool is able to design both Butterworth and Chebyshev analytical functions along with the four types of filters; Low Pass Filter (LPF), High Pass Filter (HPF), Band Pass Filter (BPF), and Band Stop Filter vi (BSF) using two types of Microstrip structure, the first structure is the Stepped Impedance, while the second one is the Parallel Coupled Line. Finally, a LPF is designed by our tool (FILSoft) and then it is simulated by CST studio package and finally is implemented by fabrication, then a comparison is made to investigate the performance and to prove the concept of our tool.
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Preamble
Today's engineers require software programs to support the accuracy and throughput demands needed to meet aggressive project schedule deadlines and quality. Of course, RF and Microwave engineers are not an exception. Since the filters are one of the most important parts in the Microwave system a lot of software programs have been developed to fulfill today's requirements for filters design. Most of the developed software programs are for circuit level design and the rest are up to physical layout structure.
Research Background
Engineers and students cannot run away from adapting software programs into their process of studies and designs to support the ever increasing and challenging research, First of all, the fact that for researchers, students, and engineers, it is not that easy to get a well understanding of Microwave concepts as well as its devices from textbooks only. Moreover, the waste of time due to the time which is taken by them to look for the appropriate equations of Microstrip filters basic structures to be the base of more advanced design, since the fact that to design an advanced structure requires starting from the basic structures first. Additionally, the cost-effectiveness of this kind of design's software packages generally is a very important factor. Together with the fact that the available software packages such as CST Studio (CST, 2017) which is 3D
Electromagnetic Simulation Software and it is commonly used for the purpose of filter design are commercial and even complicated for the beginners. In other words, the designer should calculate all the design dimensions first and then these software packages come as a second stage, and this consumes time, effort, and of course, the arithmetical errors can happen.
Generally in any communication system, filters can be defined as two-port networks, which are used to control the spectrum and suppress interferences at a certain point. They perform their functionalities by allowing transmission at frequencies within the passband of the filters and on the same time reject the frequencies which are in the stopband of the filter. 
Problem statements
The motivation behind the development of planar filters design software program is to improve filters performance and also to increase the overall efficiency of the design. An efficient design process is required in a competitive commercial environment, especially when orders for filters with different specifications are presented and rapid design and manufacturing is essential.
Additionally, the planar filters designing is a complex process. Coupled with the fact that the exciting designing software programs have been developed for the expert engineers who have a strong background about Microwave's field and there is little explanations provided by the designers.
Objectives
The objective of the project is to design a friendly interface software program which is able to design and analysis Microwave's planner filters to simplify and accelerate the process of filter designing for inexperienced engineers and students. The purposes of the project can be summarized into three points:
1. To develop a program based on Matlab with a friendly interface to design and analysis Microwave's planar filters.
2. To validate the performance of the developed software using CST studio package.
3. To prototype a LPF as a proof of concept to verify the software's accuracy.
Scope
The scope of this project is focused on developing a software program which is able to design Microwave's planar filters automatically based on Matlab-GUIs using the insertion loss method. Furthermore, the software program is able to design Butterworth and Chebyshev types of analytical functions and the four types of filters, which are: Finally, a LPF which is designed as a proof of concept to verify the accuracy of the developed software program is implemented using etching technique and FR-4 as a substrate material. The measurements of the fabricated LPF is done using a Vector
Network Analyzer (VNA) in the Center of Applied Electromagnets in UTHM .
Thesis outline
The thesis contains five chapters, the First Chapter is the introduction which is composed of a preamble, study background, problem statements, objectives, scope, and finally the thesis outlines. Secondly, the literature review, which contains details about the important system concepts, the previous related works, and summary of what have been done before is presented in Chapter 2. The Third Chapter is the research methodology, which contains the algorithm of the system design and the mathematical modeling. Chapter 4 is presented an explanation for the MATLAB GUIs, data analysis and discussion of the results, and a validation to ensure the accuracy of the tool.
Finally, in Chapter 5, the conclusion and a group of recommendations for future works as well.
CHAPTER 2 LITERATURE REVIEW

Preamble
In this chapter several fundamental concepts and definitions pertaining to Microwave filters design will be reviewed. Moreover, a brief comparison between a group of available commercial software program will be provided. Firstly, Microstrip transmission line is discussed. Secondly, Microwave filters design methods are displayed, along with a brief explanation about the concept of the insertion loss method and the structure of two famous Microstrip filters design techniques. Finally, a deep comparison between a group of available software programs to come out with the gap that needs to be full filled.
Microstrip transmission line
One of the most popular transmission lines is the metallic waveguide to transfer high frequency electromagnetic waves (Pryce, 1946). However, for the frequencies beyond 10 GHz, and due to skin effect, the resistance of the waveguide increases significantly 
Microwave filters design
The process of Microwave filter design can be divided into several steps according to (Pozar, 2012) , (Hong & Lancaster, 2001) , and (Sobol, 1971). 
Block Name Function
Filter Analytical Function  Butterworth.
 Chebyshev.
 Bassel.
Filter Specifications  Cut-off frequency.
 Center frequency.
 Minimum insertion loss.
 Bandwidth.
Filter Physical Structure  Stepped-impedance.
 Parallel-coupled line.
Generally, there are two methods used to design Microwave filters. The first method is known as the image parameter method, while the second method is called the insertion loss method. For both methods the designing process start from the lowpass filter prototype. In the image parameter method, the specifications of passband and stopband characteristics a cascade of a simple two-port network is involved. Although the image parameter method is simple, but the main problem of this method is that the designer has no full control over the arbitrary frequency response of the designed filter.
On other words, the designer will not be able to improve the designed filter mathematically, when the image parameter method is used. The image parameter method is useful when it comes to design simple filters.
On the other hand, the insertion loss method permits the designer to control the passband and stopband amplitude and phase characteristics, with a methodical way to synthesize a required response. The necessary design trade-offs can be evaluated to best meet the application requirements (Pozar, 2012).
Insertion loss method
In (Vilović, Konjuh & Burum, 2009), the insertion loss method allows the filter performance to be improved. The insertion loss method begins with the design of a low-pass filter prototype that is normalized in terms of impedance and cutoff frequency. The normalized design of low-pass filter is then transformed to the filter with desired impedance level, frequency response and cutoff frequency. In this method a filter response is defined by its insertion loss or power loss ratio as it can be seen in 
The power loss ratio for maximally flat (Butterworth) low-pass filter can be defined by Equation (2.3):
Whereas;- k 2 : the passband tolerance.
 N: the number of filter elements.
For equal-ripple low-pass filter prototype (Chebyshev filter) power loss ratio can be determined using Equation (2.4):
Whereas;
 TN: is a Chebyshev polynomial of order N.
Microstrip filter physical design
One of the most popular ways to implement microwave low pass filters in Microstrip line is by using a periodic structure of two sections with high and low characteristic impedance, which known as stepped-impedance. This implementing method is the easiest, simplest way to implement Microstrip filters. Furthermore, it takes less space compared with other methods (Pozar, 2012 ).
In (Hong & Lancaster, 2001 ) the parallel coupled line is another technique to construct microwave filters in Microstrip lines, which is very effective and easy technique to fabricate band pass and band stop filters with fractional bandwidth less than 20%, for wider bandwidth it is difficult to be fabricated due to wider bandwidth require very tightly coupled line. 
CST Studio
CST STUDIO
Available software tools for filters design
Software packages are an essential requirement for the design of filters. Their use prevents the costly process of redesigning and rebuilding prototypes and often ensures a final design that gives a close-to-optimal performance. This sections will discuss the capabilities of the available design software packages, including a group of those purchasable from the well-known companies, such as WEBENCH Active Filter
Designer, Elsie™, FilterLab ® Filter Design Software, and Filter Wiz PRO active filter designer. Furthermore, CST studio package will be discussed to illustrate the different between it and the rest of discussed packages. The discussion will cover many aspects such as the range of operating frequency, the maximum order of the filter that can be designed using this software program, the technique which the software used to design filters, and the final result of each software program. 
WEBENCH
Elsie™
Elsie™ is an uncommon commercial-grade lumped-element ("L-C") software program to design and analysis electrical filters. Two versions are available, the first version is the free Student Edition of Elsie, it is quite sufficient to be used by students or small 
Filter Wiz PRO active filter designer
Filter Wiz PRO offers in-depth design and highly customizable solutions. It offers new anti-aliasing filter design by design an anti-aliasing low pass filter for A/D conversion. 
Summary
The above discussed software programs can be summarized in Table 2 .3. The summarizing is based on five main parameters; the frequency range, the maximum 19 order which the software program is able to design filter with it, the design topology which describe the electrical concepts that the software program design filter based on them, final result which explain the final filter circuit, and the license to show whether the software program is free or commercial. From Table 2 It can be concluded that to develop a software program which is able to design filters for the Microwave frequencies and in-house license will be our contribution in this research.
CHAPTER 3 RESEARCH METHODOLOGY
Preamble
This chapter will describe the practical steps that followed by the software program to design Microwave filters. This methodology contains several steps, and each step should be completed before proceeding to the next steps. It consists of the explanation on how the software program starts prototyping an appropriate LPF according to the targeted response and calculates the optimum number of element for both Butterworth and Chebyshev types of analytical functions. Together with an explanation on how to transform the LPF prototype to the other types of filters whenever it is required.
Furthermore, the techniques that use to sketch the frequency response of the required filter and the calculation of physical layout will be explained. The user have to choose the response and the type of the filter and then insert the filter's specification. The rest will be done by the software according to the inserted parameters by the user. To put on other words, the software program calculates automatically up to the optimum physical layout which achieves the required specifications that were inserted by the user of the software program. Moreover, the designing process is based on the insertion loss method, therefore, all the equation and method will explained in this methodology which will but this fact into consideration. 
The filter's elements calculation
As it mentioned in the introduction of this chapter the design is based on the insertion loss technique. Of course, using insertion loss technique means that the whole process starts by the low pass filter prototype, while for the other filters a process of transformation will be applied. The characteristics and the circuit elements of filters can be derived based on the attenuation of the low pass filter, which is basically based on transfer functions, in which the transfer function is specified by the attenuation of the low pass filter. In the attenuation method, a desired attenuation response as a function of frequency (frequency response) is used to approximate the response of an ideal low pass filter.
Maximally flat low pass filter
For the maximally flat low pass filters, the maximum insertion loss or dB always occurs at the cutoff frequency. Another word, the cut-off frequency of the maximally flat low pass filters is defined at the point corresponding to the maximum insertion loss.
Typically, this point is chosen at -3dB loss. 
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The attenuation in maximally flat low pass filter which is used to describe the slop of the curve can be defined by the following equation:
Whereas;
 n: the number of low pass filter elements representing the order of the low pass filter.
 c: the cut-off frequency of the low pass filter.
 : the frequency at attenuation Am.
 : a constant representing the maximum pass-band loss.
In order to calculate the maximum insertion loss for the maximally flat the following equation is used:
Chebyshev low pass filter
The insertion loss constant is still given by equation (3.2) and dB is still the maximum insertion loss (in dB), but this maximum loss does not necessarily occur at the cut-off frequency. Equation (3.3) shows that the insertion loss oscillates between the minimum value of 1 (or 0 dB) and maximum value of 1 + within the pass band, which is due to the nature of the Chebyshev polynomial for ≤ c.
The attenuation response of an nth order Chebyshev low pass filter is characterized by the following equation:
 Tn: the Chebyshev polynomial of degree n described as 
Whereas;

: the frequency at attenuation Ac.
Low pass filter prototype elements
Low pass filter prototypes form the basis for all of the filters including low pass filters, from which these filters are derived, and as such are viewed as the most fundamental filter configurations. In low pass filter prototypes, either end can be used as the source or load impedance due the reciprocity of the passive network. To generalize the results to be obtained for the elements of the low pass filter prototypes from the subsequent formulation, the prototype elements are designated with common variables (g's):
that the filter skirting is much better as it falls steeper compared with the specification. Taking the frequency response in Figure 5 (d) and Figure 8 (b) compared side by side, they are not showing identical results. This is expected as FILTSoft calculates the cutoff frequency and the response solely based on mathematical technique, but the prototype bound to its electromagnetic behavior. It takes into consideration the material used, surrounding environment, the current distributions around the circuit, and other electromagnetic parameters which is beyond the scope of FILTSoft calculation capability. Hence the measurement result shows significant discrepancies. In overall, FILTSoft able to provide a close approximation to optimum filter design and performance according to the specification given, and can be used as an initial guide to prototype the filter.
(a) (b) 
CONCLUSION
FILTSoft is a computational tool to calculate parameter values of a filter based on mathematical equations. It expedites the process of calculating the physical dimensions of a filter as well as providing user with the expected frequency response. FILTSoft provides user with initial idea of how the layout should look like, and how the filter performance is, before they proceed with prototyping the filter. FILTSoft cannot simulate and calculate the electromagnetic behavior of the filter. This requires different calculations method and it beyond the scope of FILTSoft. However results from FILTSoft are very important to give closest guide to achieve the optimum design. By using this tool, it is hoped that the process of learning and designing microstrip planar filters can be made easy.
